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Correlation of YMDD mutation and breakthrough hepatitis
with hepatitis B virus DNA and serum ALT during

lamivudine treatment
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Aim: Continuous lamivudine treatment is assoclated with
high frequency of drug resistance. We analyzed the incidence
of tyrosine-methionine-aspartate-aspartate (YMDD) maotif
mutant and breakthrough hepatitis (BTH) in hepatitis B virus
(HBV) DNA positive patients receiving lamivudine for > 1 year
and correlated it with HBV DNA and alanine aminotransferase
(ALT) levels to evaluate if these measurements can pravide a
practical option for monitoring patients in clinical practice
and define early switch from lamivudine therapy.

Methods: Of the 929 patients receiving lamivudine for
> 1 year, 359 patients who maintained an ALT level of
<40 WL during the course of lamivudine treatment were
stratified into two groups based on the duration of lamivudine
treatment — one receiving lamivudine for < 3 years and the
other for 2 3 years.

Resuits: The incidence of YMDD motif in patients receiving
lamivudine for <3years was 27% in patients with ALT

< 20 IU/L, 58% with ALT < 30 1U/L, and 63% with ALT < 40 IU/L,
(P =0.002). The corresponding incidence of BTH was 2%, 7%,
and 48% (P < 0.001}. The incidence of YMDD mot!f and BTH in
these patients was 7% and 2% with HBV DNA < 2.6 (fog copies/
mt) and ALT < 20 IU/L, while with ALT at 21-30, the YMDD
motif mutant was 16% and BTH was 0%.

Conclusion: Correlation of ALT and HBV DNA levels with
YMOD motif mutant and BTH indicates that these measure-

ments can be used in clinical practice for deciding early
switch from lamivudine to other suitable antiviral therapies.

Key words: alanine transaminase, breakthrough hepatitis,
hepatitis B virus, lamivudine, mutation, viral DNA

INTRODUCTION

AMIVUDINE HAS GAINED increasing popularity

since its approval in 1998 for the treatment of
chronic hepatitis B virus (CHBV).'"! Lamivudine blocks
HBV replication, reduces HBV DNA levels, normalizes
alanine aminotransferase (ALT) levels, thereby resulting
in histological improvement of the liver.S It is a reverse
transcriptase inhibitor that acts by competing with the
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natural polymerase substrate deoxycytidine wiphos-
phate (dCTP) and thus inhibits the elongation of HBV
DNA minus strand. It incorporates into the nascent
DNA strand and thereby acts as a chain terminator.
Although lamivudine is very effective in inhibiting viral
replication, the incidence of resistance is high, with an
estimated 14-32% of patients developing resistance
after 1 year of treatment, 38% after 2 years of treatment,
and 53-76% after 3 years of treatment.

Resistance to lamivudine, which increases over years
is due to development of mulations in the tyrosine-
methionine-asparnate-aspartate (YMDD) motif in the
DNA poiymerase/reverse transcriptase, which is the
main target of lamivudine.**-* This amino acid sequence
in YMDD motif is predominantly involved in deoxv-
nucleoside triphosphate (dNTP) binding in the catalytic
site of the HBV DNA polymerase.
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Table 1 2007 Minisuy of Health, Labour and Welfare of Japan guidelines for hepatits B virus (HBV)-positive patients for
nucleoside analogue treatment for patients with chronic HBV receiving lamivudine therapy

Lamivudine therapy
HBV DNA

< 3 years

23 years

Keep < 2.6 log copies/mL
2 2.6 log copies/mL No BTHY

With BTH

Switch to entecavir 0.5 mg/day

Switch to entecavir 0.5 mg/day

Adefovir 10mg/day (duo therapy
with lamivudine)

Continue lamivudine
100 mg/day

Adefovir 10 mg/day (duo therapy
with lamivudine)

tAfter checking for absence of tyrosine-methionine-aspartate-aspartate {(YMDD) motif mutation. BTH, breakthrough hepatitis.

Long-term lamivudine therapy is associated with
amino acid substitutions mainly in the YMDD motif
and also in the proximal FLLAQ (phenylalanine,
leucine, alanine, glutamine) motif.'"” Common muta-
tion may occur in the YMDD motif where the methion-
ine residue is replaced either by valine (1tmM204V) or
isoleucine (rtM2047)."" These amino acid substitutions
form the basis of emergence of lamivudine-resistant
strains of HBV and when these occur, the clinical con-
dition may worsen, which is usually accompanied by
increase in viral load and serum aminotransferase levels.
YMDD mutants cause breakthrough hepatitis (BTH)
and, therefore, require withdrawal or switch-over from
lamivudine treatment. The American Association for the
Study of Liver Diseases (AASLD) and the United States
Algorithm for Management of Patients with Drug Resis-
tance recommend either switching over to entecavir or
adding adefovir in the event of lamivudine resistance."?
The 2007 Japanese guidelines of the study group (Min-
istry of Health, Labour and Welfare of japan)" on stan-
dardization of treatment for HBV positive patients for
nucleoside analogue treatment for patients with CHBV
receiving lamivudine therapy are explained below and
also summarized in Table 1.

According to the 2007 guidelines for patients on lami-
vudine therapy, switching over criteria from lamivudine
therapy has been changed from BTH to HBeAg status in
patients maintaining HBV DNA copies 2 2.6 log copies/
mL. Patients on lamivudine for < 3 years and maintain-
ing HBV DNA copies >2.6 log copies/mL can be
switched over to entecavir 0.5 mgfday if they are also
HBeAg negative, whereas HBeAg-positive patients can
be co-administered adefovir 10 mg/day in both the
treatment duration groups (> 3 years or < 3 years).

Unfortunately, the cost of measuring HBV resistance
to lamivudine by molecular methods is high and is not
presently covered by Japanese reimbursement system
in clinical practice. Development of HBV resistance to
lamivudine is typically indicated by an increase in HBV
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DNA followed by an increase in serum ALT levels.
Increase in HBV DNA represents active viral replication
whereas serum ALT levels provide an indirect assess-
ment of the degree of liver injury."

Hence, in this study, we analyzed the correlation of
the incidence of YMDD motif mutant and BTH with
HBV DNA and serum ALT levels, either separately or
together, in HBV DNA-positive patients who are treated
with lamivudine for 2 1 year and who had maintained
an ALT level of £ 40 IU/L untii the development of BTH
during the course of lamivudine treatment.

METHODS

Patients

HIS WAS A retrospective, nonrandomized study that

enrolled 929 HBV DNA-positive-patients receiving
100 mg of lamivudine daily and followed up for a
period of 1year or Jonger between 1995 and 2006.
Since long-term treatment with lamivudine was associ-
ated with a high frequency of YMDD motif mutant and
BTH (BTH can be defined as abnormal variations in
serum transaminase level due to YMDD motif mutant),
we analyzed patients who had a possibility to switch to
other nucleoside analogues. Patients (n = 395) with ALT
< 40 IU/L during follow-up (for 48 patients who devel-
oped BTH, data was used until 1 month before the
patient developed BTH). Patients were not treated with
either adefovir or entecavir during follow-up (for
patients who used adefovir or entecavir because of BTH
development, data was used until the point before the
patient started adefovir or entecavir treatment). Patients
were negative for anti-hepatitis C virus (HCV} (third-
generation enzyme immunoassay; Chiron, Emerville,
CA) and negative for HCV RNA with PCR (Amplicor;
Roche Diagnostic Systems, Pleasanton, CA), did not
have hepatocellular carcinoma, nore other forms of
liver injury such as hemochromatosis, Wilson's disease,
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primary biliary cirrhosis, alcoholic liver disease, and
autoimmune liver disease.

Informed consent was obtained from each patient
included in the study. The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Hels-
inki as reflected in a priori approval by the institution’s
human research committee.

Patients were stratified into 2 groups based on the
duration of lamivudine treatment - one receiving
lamivudine for <3 years (=125} and the other for
= 3years (n=234). In addition, we also analyzed
patients based on their ALT level (IU/L) grouped into
20, 21-30, and 31-40, and HBV DNA (log copies/mL)
divided into < 2.6, 2.6-5.0, and > 5.1.

During treatment, patients were followed up each
month for liver function and serum markers of HBV
infection. The serum sample of the patients were col-
lected and preserved at —80°C. All the collected samples
up to this time period were analyzed for HBV DNA in
june 2001. From July 2001, the serum samples were
collected and analyzed once a month at the clinical
treatment facility.

YMDD motif mutants were determined at the base-
line and monitored at 6 months and during the study as
well as at the development of breakthrough hepatitis.
YMDD motif mutants were analyzed in the serum pre-
served at —80°C altogether.

Markers of HBV infection

The HBeAg was estimated by enzyme-linked immun-
osorbent assay {ELISA) (F-HBe; Sysmex, Kobe). HBV
DNA was determined by PCR followed by hybridization
{Amplicor HBV Monitor: Roche Molecular Systems,
Branchburg, NJ), and the results were expressed in log
copy per milliliter over a range of 2.6-7.6. The 6 major
genotypes of HBV (A-F) were determined serologically
by ELISA (HBY GENOTYPE ElA; [nstitute of Immunol-
ogy) and the PCR-invader method with genotype-
specific  probes.’® YMDD  motif muiants  were
determined by PCR foliowed by restriction fragment
length polymorphism (RFLP)* or enzyme-linked mini-
sequence assay with commercial assay kits (PCR-ELMA;
Genome Science).

Statistical analyses

Frequencies were compared between groups by the
x*-test, Fisher's exact tesy, and HBV DNA values by
Mann-Whitney U-test. Emergence of YMDD motif
mutants and BTH were compared in the Kaplan-Meijer
life 1able by using the production limit method. A
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P-value < 0.05 was considered significant. Analyses of
all data were performed with SAS 9.1.3.

RESULTS

URING THE PERIOD of 12 years from 1995 to

2006, 929 HBV DNA-positive patients received
100 mg of lamivudine daily. From the toial of 929
patients who received lamivudine for 1 year or more,
359 patients who maintained an ALT level of < 40 IU/L
were stratified based on the duration of lamivudine
treatment and divided into 2 groups - one receiving
lamivudine for <3 years (n=125) and the other for
2 3 years (n = 234). Demographic feaiures and clinical
background of the two study groups were uniformly
matched with no significant differences in age, sex,
serum transaminase levels, HBV DNA, hepatitis B
e-antigen (HBeAg), and HBV genotype (Table 2). The
median ALT values were 112 IU/L and 145 IU/L in both
the groups, respectively, and the median HBV DNA level
was identical at 6.1 log copies/ml. in both the groups.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for < 3 years

The incidence of YMDI) motif mutant within 3 years of
treatment with lamivudine by ALT (1U/L) level was 27%
in 53 patients maintaining an ALT level of £ 20 (group
A), 58% in 46 patients maintaining an ALT level of € 30
(group B); and 63% in 26 patients maintaining an ALT
level of <40 (group C), with statistical differences
among the 3 groups (P =0.002). The incidence of BTH
was 2% in group A, 7% in group B, and 48% in group C
(P<0.001). The lowest incidence of YMDD motif
mutant and BTH was noted in patients with ALT level of
<20 (IU/L) {Fig. 1a,b). Follow-up for patients who
developed BTH was discontinued upon the delection of
YMDD motif mutant.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine based on the HBV DNA
(log copies/mL) level was 28% in patients maintaining
an HBV DNA level of < 2.6; 83% in patients maintaining
an HBV DNA level of 2.6-5.0; and 100% in patients
maintaining an HBV DNA level of 2 5.1, with significant
differences among the 3 groups (P < 0.001). The inci-
dence of BTH was 4%, 30%, and 40%, respectively, in
patients with HBV DNA level of < 2.6, 2.6-5.0, and
2 5.1 log copies/mL (P =0.004) (Fig. 2a,b). The lowest
incidence of YMDD motif mutant and BTH was seen in
patients maintaining an HBV DNA level of < 2.6 log
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Table 2 Background of 359 patients using lamivudine treatment for 2 1 year at the start of lamivudine therapy

Factors Duration of lamivudine therapy
< 3 years >3 years Differences
n=125 n=234 (P-value)
Age (years) 23-75 (43}t 18-76 (43)t NS$
Male 93 (73%) 182 (77.1%) NSt
HBV infection in mother 47 (37%) 82 (35%) NS#
Chronic hepatitis 109 {85%) 212 (90%) NS#
AST (IU/L) 15-866 (80}1 19-2593 (83)t NS3
ALT (TU/L) 11-2092 {112)t 14-2142 (145)% NS
Total bilirubin (mg/dL) 0.2-3.8 {0.7)% 0.2-10.6 (0.7)t NS2
¥-GTP (IU/L) 16-440 (54)% 13-468 (65)t NSt
HBV DNA (log copy/mL} <26->7.6(6.1)t <2.6->7.6 (6.1)1 NS$
HBeAg 66{52%) 107 (45%) NS#
HBV genotype (A, B, C, ND) 4:15:98:8 5:21:207:1 NS#

tMedian value where indicated. $Not significant. ALT, alanine transaminase; AST, aspartate aminotransferase; HBeAg, hepatitis B

e-antigen; HBY, hepatitis B virus; v-GTP, gamma glutamyl transferase.

copies/mL. The BTH incidence was particularly high in
patients with an HBV DNA level of 2 5.1, which was
40% within 1 year.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine in patients based on both
the ALT (IU/L) and HBV DNA (log copies/mL) level
during the course of Jamivudine treatment was evalu-
ated (Table 3).

In patients maintaining HBV DNA <2.6 and ALT
< 20, the incidence of YMDD motif mutant and BTH
was 7% and 2%, respectively. Whereas in patients with
HBV DNA level of < 2.6 and ALT 21-30, the incidence
of YMDD motif mutant was higher at 16% and BTH was
0%, and in patients with ALT 31-40, YMDD motif
mutant and BTH was further higher at 42% and 17%,
respectively.

In patients with HBV DNA level at 2.6-5.0 and ALT
< 20, the incidence of YMDD motif mutant was 33% in
patients with 0% incidence of BTH. Nevertheless, in
patients maintaining HBV DNA at 2.6-5.0 but with ALT
21-30, the incidence of YMDD motif mutant was 73%
and BTH was 18%; whereas in patients with ALT 31-40,
the incidence of YMDD motif mutant was 50% and BTH
was 42%.

In patients maintaining HBV DNA 25,1 and ALT
31-40, both YMDD motif mutant and BTH was 100%.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for > 3 years

In patients treated with lamivudine for 3 years or more,
the incidence of YMDD motif mutant by ALT {IU/1}
level was 58% in 113 patients in group A, 60% in 84

Table 3 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakthrough hepatitis {(BTH) by hepatits B
virus {HBV) DNA and alanine transaminase (ALT} level in patients during Jamivudine treatment for <3 years (125 patients}

HBV DNAt ALT level (1U/L)t
Amplicor: } i L
{Amplicor: Jog copies/mL) <20 21-30 31-40
YMDD BTH YMDD BTH YMDD BTH
<26 V7 R 775N 532 637} 5/12 2/12
LA (2%) L0 (0%) (22%) (17%)
2.6-5.0 4112 0/12 8/11 2/11 6/12 5/12
{33%) (0%) (73%) (18%) (50%) (429%)
251 0 0 3/3 0/3 2/2 2/2
(1009%) (09%) (100%) (100%)

1The HBY DNA and ALT levels are shown based on the treatment duration of lamivudine.
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patients in group B, and 80% in 37 patients in group C
(P=0.002), and that of BTH in the corresponding
groups was 7%, 14%, and 57% (P < 0.001) (Fig. 3a,b).

In patients treated with lamivudine for 2 3 years, the
increased incidence of YMDD motif mutant by HBV
DNA (log copies/mL) level was 65% in patients main-
taining an HBV DNA level of <2.6, 78% in patients
maintaining an HBV DNA level of 2.6-5.0, and 92% in
patients maintaining an HBV DNA level of = 5.1, and
that of BTH in the corresponding groups was 10%, 18%,
and 77% (P <0.001) (Fig. 4a,b).

The incidence of YMDD motif mutant in > 3 years
treatment with lamivudine in patients by both ALT

(1U/L) and HBV DNA (log copies/mL) levels during the
course of lamivudine treatment was also analyzed
(Table 4).

In patients maintaining HBV DNA < 2.6 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 38% and 7%, respectively. At the same HBV DNA
level of < 2.6 and ALT 21-30, the incidence of YMDD
motif mutant was 48% and BTH was 8%; whereas at
ALT 31-40, YMDD motif mutant was 36% and BTH was
9%.

In patients maintaining HBV DNA 2.6-5.0 and ALT
< 20, the incidence of YMDD motif mutant and BTH
was 60% and 4%, respectively. At the same HBV DNA
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level, 2.6-5.0 and ALT 21-30, the incidence of YMDD
motif mutant was 86% and BTH was 18%; whereas at
ALT 31-40, YMDD motif mutant was 92% and BTH was
42%.

In patients maintaining HBV DNA 25.1 and ALT
31-40, YMDD motif mutant was 93% and BTH was
86%.

DISCUSSION

ONG-TERM THERAPY for CHBV can lead to the
development of HBV drug-resistant mutants. Early
detection of the YMDD motif mutants in lamivudine-

©® 2009 The Japan Society of Hepatology

treated patients and timely switch to other nucleoside
analogues with low viral resistance is crucial to prevent
viral and biochemical flares and ineffective therapeutic
response. Although development of YMDD mutants
results in decreased viral susceptibility to lamivudine,
viral replication rate is lower in mutant strains than in
wild type.®

Among the 359 patients who received lamivudine for
> 1 year and maintained an ALT level of < 40 IU/L, the
rate of YMDD motif mutant was 11% (1 year), 29%
(2 year), 42% (3 year), 49% (4 year) and 61% (5 year).
BTH occurrences were 3% (1 year), 8% (2year), 13%
(3 year), 15% (4 year) and 19% (5 year). The rate of
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YMDD motif mutant and BTH were low after 3 or more
years of treatment with lamivudine. Therefore, the year
of switching treatment from lamivudine to other nucleic
acid analogue will be at 3 years. Accordingly, in this
study, we examined patients treated with lamivudine for
<3 and 2 3 years.

Among the patients treated with lamivudine for
< 3 years, the lowest incidence of YMDD motif mutant
and BTH was seen in patients with ALT < 20 [U/L main-
taining HBV DNA level of 2.6-5.0. The other category
for lowest incidence was in patients with ALT
21-30 IU/L and HBV DNA level of < 2.6 log copies/mL.
In this study, within 3 years of treatment with lamivu-

dine, the group of patients with the recommended HBV
DNA (< 2.6 log copies/mL ) and ALT maintained at
21-30 IU/L may be considered eligible to be switched
o entecavir therapy as per Japanese guidelines. We,
however, believe it is important to consider the progno-
sis for patients who are switched from lamivudine to
entecavir. Similarly, in patients maintaining HBV DNA
level in the range of 2.6-5.0 log copies/mL and ALT
<20 1U/L, switching to dual therapy with adefovir in
combination with lamivudine depends on the related
viral breakthrough. In a study by Li Zhou et al.,'* some
patients with YMDD motif mutants had significantly
lower HBV DNA and ALT levels compared with baseline

© 2009 The Japan Society of Hepatology
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values, which might be due to decreased replication
efficiency of the HBV mutants.

HBeAg, severe liver disease, high HBY DNA, and low
ALT levels at the baseline were factors accelerating the
development of BTH. This was in confirmation of pre-
vious results.'”""? Development of BTH, however, was
not influenced by HBV genotypes. This is probably due
to the response in HBeAg-positive patients, which
was comparable among those with different genotypes
though it differed among HBeAg-negative patients.*

In a study of Japanese adult patients treated with lami-
vudine for > 12 months, the YMDD motif mutation was
detected in 26% patients, with 23, 16, and 21 patients
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over time (P < 0.0001).

correspondingly positive for YIDD, YVDD, and
YIDD + YVDD mutants. The occurrence of mutations
steadily increased and two, five, and 52 patients with
genotypes A, B, and C, respectively developed resis-
tance.*’ Lamivudine retreatment could induce rapid
re-emergence of YMDD motif mutants with associated
viral and hepatic flares*? and should be avoided. Next,
we were interested to know if any difference in sensitiv-
ity existed in detecting YMDD mutants by the two dif-
ferent methods used in this study, PCR-RFLP and PCR-
ELMA. We studied the rate of detection of YMDD motif
mutant by both methods in 20 patients who received
lamivudine for more than two years. The detection rate
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Table 4 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakthrough hepatitis {BTH} by hepatitis B
virus (HBV) DNA and alanine wransaminase (ALT) level in patients during lamivudine treatment for 2 3 years (234 patients)

HBV DNAt {Amplicor:

ALT level (IU/L)+

log copies/mL}

<20 21-30 31-40
YMDD BTH YMDD BTH YMDD BTH
2.6 23/60 4/60 29/61 5/61 411 111
(38%) (7%) (48%) (8%) (36%) (996)
2.6-5.0 30/50 2450 15732 Vi) 11712 512,
(60%) (4%) (86%) {18%) {929) (42%):
251 HE T2 MRS Y S 0/1 0/1 13/14 12/14
{(100%) (33%) (0%) (0%) (931%) (86%)!

1The HBY DNA and ALT levels are shown based on the treatment duration of lamivudine.

between PCR-RFLP and PCR-ELMA was similar; eight
patients (40%) and nine patients (45%), respectively.??

CONCLUSION

ORRELATION QI ALT and HRV DNA levels with

YMDD motif mutant and viral breakthrough can be
used as an indirect method of estimating susceptibility
to develop lamivudine resistance. The low incidence of
YMDD moiif mutant and BTH associated with an HBV
DNA level of < 2.6 log copiesfinL and ALT level of
S301U/L and an HBV DNA level of 2.6-5.0 log
copies/ml and ALT level of <20 IU/L during only less
than 3 year-reauments can be utilized as a clinically
relevant tool (0 moniter patients’ criteria in switching to
other nucleoside analogue drugs. Using these simple
methods, which can be easily pursued in clinical prac-
tice, it may be feasible in the future 10 switch from
lamivudine 1o other nucleoside analogue drugs with
low rates of inducing resistant mutants in CHBV
patients. This is important considering the risk of con-
tinuous lamivudine treatment causing YMDD motif
mutant and BTH.
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Development of HCC in patients receiving adefovir dipivoxil
for lamivudine-resistant hepatitis B virus mutants
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Aim: To identify factors for the development of hepatocetlu-
lar carcinoma (HCC) in the patients who receive adefovir
add-on lamivudine for treatment of lamivudine-resistant
hepatitis B virus (HBY) mutants.

Methods: A total of 247 patients who developed lamivudine-
resistant HBV mutants, with an increase of HBY DNA = 1 log
copies/mL, received adefovir dipivoxil 10 mg add-on lamivu-
dine 100 mg daily during a median of 115 weeks {range:
25-282 weeks). They were followed for the development of
HCC by imaging modalities every 3—6 months.

Results: HCC developed in 18 of the 247 (7.3%) patients.
Eight factors were in significant association with the develop-
ment of HCC by the univariate analysis. They included age,
cirrhosis, platelet counts, levels of bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase and
o-fetoprotein, as well as YMDD mutants at the start of

adefovir dipivoxil. By the muitivariate analysis, AST levels,
YIDD mutants, cirrhosis and age were independent factors for
the development of HCC. By the Kaplan-Meier analysis, AST
levels 2 70 IU/L, YIDD mutants, cirrhosis and age > 50 years
increased the risk of HCC (P = 0.018, P = 0.035, P = 0.002 and
P =0.014, respectively). HCC developed more frequently in
the patients with than without cirrhosis at the start of adefavir
(10/59 [16.9%] vs. 8/188 [4.3%], P = 0.002).

Conclusion: HCC can develop in cirrhotic patients receiving
adefovir add-on lamivudine. Hence, the patients with baseline
AST 2 70 IU/L and YIDD mutants would need to be monitored
closely for HCC.

Key words: adefovir dipivoxil, chronic hepatitis B, hepatitis
B virus, hepatocellufar carcinoma, lamivudine, rescue
therapy

INTRODUCTION

ORLDWIDE, AN ESTIMATED 400 million people
are infected with hepatitis 8 virus (HBV) persis-
tently, and one miilion die of decompensated cirrhosis
andfor hepatocellular carcinoma (HCC) annually.'?
Interferon (IFN} was introduced for treatment of
chronic hepatitis B, and it has been replaced for
pegylated-1IFN.* Drue to substantial side-effects and
requirement for injection, however, IFN-based therapies
are not favored.
In 1998, lamivudine was approved as the first nucle-
oi(s}ide analogue for treatment of chronic hepatitis B.*
and then adeforvir in 2002.° Due 10 its lower costs and
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safety records, lamivdine has gained a wide popularity
for treatment of chronic hepatitis B. However, drug-
resistant mutants arise in parallel with (he duration
of lamivudine, in 12.5% after i year, in 43.8% after
3 years, and 62.5-70.2% after 5 years.*” For preventing
breakthrough hepatitis induced by lamivudine-resistant
HBV mulants, additional adefovir dipivoxil 10 mg
daily has been recommended;*” it is more effective
than switching to adefovir monotherapy and has fewer
chances of developing drug-resisiant mutants,'™"

Since 1995, 930 patients with chronic hepatitis have
been treated with lamivudine in the Department of
Hepatology at the Toranomon Hospital in Metropolitan
Tokyo.' HBV mutants with mutations in the thyrosine-
methionine-aspartic acid-aspartic acid (YMDD) moltif
elicited in the 247 (26.5%) patients, and they started to
receive additional adefovir since December, 2002 %4
However, HCC developed in 18 (7.3%) of them during
the combination therapy for 25-282 weeks; HCC has
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not been reported in any of the patients who have
received adefovir add-on lamivudine for 5 years.'>""”
Hence, factors for the development of HCC in the
patients receiving adefovir add-on lamivudine were
sought for in a retrospective study.

METHODS

Patients

VER A PERIOD of 13 years, from September 1995

to September 2007, 930 patients with chronic
hepatitis B received long-term lamivudine treatment at
the Department of Hepatology at the Toranomon Hos-
pital in Metropolitan Tokyo. Drug-resistant YMDD
mutants developed in 247 (26.5%) of them, accompa-
nied by an increase in HBV DNA 2 1 log copies/mL, and
they received adefovir 10 mg in addition to lamivudine
100 mg daily during the median of 115 weeks (range:
25-282 weeks). They have been followed for liver func-
tion and virological markers of HBV infection monthly,
as well as blood counts and tumor makers induding
alpha-fetoprotein (AFP) and protein induced by vitamin
K absence or antagonist-Il (PTVKA-IT). Cirrhosis was
diagnosed by laparoscopy or liver biopsy, and in the
patients who had not received them, by clinical data,
imaging modalities and portal hypertension. HCC was
diagnosed by hypervascularity on angiography and/or
histological examination, characteristic features of com-
puted tomography, magnetic tesonance imaging and
ultrasonography. An informed consent was obtained
from each patient in this study, and the protocol con-
forms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a prieri approval by the insti-
tution’s hurnan research committee.

Markers of HBV infection

Hepatitis B e antigen (HBeAg) was determined by
enzyme-linked immunosorbent assay (ELISA) with
commercial kits (HBeAg EIA, Institute of Immunology,
Tokyo). HBV DNA was quantitated by the Amplicor
monitor assay (Roche Diagnostics, Tokyo) with a
dynamic range over 2.6-7.6 log coptes/mL. Genotypes
of HBV were determined serologically by the combina-
tion of epitopes expressed on the pre-S2 region product,
which is specific for each of the seven major genotypes
(A-G),'®" with use of commerciat kits (HBV Genotype
ElLA, Institute of Immunology).

Detection of YMDD mutanis

YMDD mutants were determined by polymerase chain
reaction (PCR)-based enzyme-linked mini-sequence

© 2009 The Japan Society of Hepatology
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assay {PCR-ELIMA) with commercial kits {Genome
Science Laboratorties, Tokyo).

Statistical analyses

Categorial variables were compared between groups by
the ¥? test, and non-categorical variables by the Mann-
Whitney U-test. A P-value < 0.05 was considered signifi-
cant. Factors associated with HCC by univariate analysis
were evaluated by the multivariate analysis by the step-
wise Cox proportional hazard model. Development of
HCC with time was analyzed by the Kaplan-Meier
method, and differences were evaluated by the log-rank
test. Data were analyzed by the SPSS software, version
11.0 {Chicago, 1L).

RESULTS

Baseline characteristics of the patients who
did and who did not develop hepatocellular
carcinoma during adefovir add-on
lamivudine treatment

ABLE 1 COMPARES characteristics at the start of

adefovir between the 18 patients who developed
HCC and the 229 who did not. Eight factors were asso-
ciated with the development of HCC by the univariate
analysis. They included age, cimthosis, platelet counts,
bilirubin, AST, alanine aminotransferease (ALT) and
ua-fetoprotein {AFP) levels, as well as YMDD mutants.
HCC developed more frequently in the patients with
than without cirrhosis at the start of adefovir (10/59
[16.9%] vs. 8/188 [4.3%], P=0.002). There were 61
{26.6%) patients who had cirrhosis at the start of ade-
fovir. Of them, one of the 18 (2.2%) with HCC and 18
of the 229 (2.2%) without HCC presented with decom-
pensation; no patients developed decompensation after
the start of adefovir.

Rates of HBV DNA disappearance from serum (< 2.6
log copies/mL) were: 55% (113/207) at 1 year, 71%
(119/168) at 2 years, 77% (78/101) at 3 years and 85%
(35/41) at 4years. Rates of AST nomatlization
(< 38 [U/L) were: 87% (179/207) at 1 year, 90% (151/
168} at 2 years, 92% (93/101) at 3 years and 95%
(39/41) at 4 years; and those of ALT normalization
(< 50 TU/L) were: 88% (183/207) at 1 year, 91% (153/
168) at 2 years, 93% (94/101) at 3 vears and 98% (40/
41) at 4 years. There were no differences in the rate
of HBV DNA disappearance from serum between the
patients with and without HCC: 57% (8/14) vs. 54%
(105/193) at 1year {P=1.0); 86% (12/14) vs. 70%
{107/154) at 2 years {P=0.229); and 89% (8/9) vs.
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Table 1 Characteristics of patients who did and did not develop hepatocellular carcinoma (HCC) at the start of adefovirt

HCC developed HCC did not develop Differenres
{rn=18) (n=229) P-yvalue

Duration of lamivudine before the start of adefovir 128 (31-346) 144 (13-617) 0.321
Age (vears) 52 (35-75) 45 (26-75) 0.008
Men 15 (83%) 133 (80%) 1.000
Cirrhosis 10 (56%) 51 (22%) 0.004
Platelets (x10%/mm’) 12.0 (4.6-19.7) 16.3(3.1-31.9 0.001
Albumin (g/dL) 3.6 (2.3-4.7) 3.9 (2.8-4. 7) 0.073
Bilirubin (mg/dL) 0.8 (0.5-15.5) 0.7 (0.2-6.0) 0.046
Creatinine {(mg/dL) 0.8 (0.5-1.0) 0.8 (0.4-1.6) 0.950
AST (iU/L) 119 (55-248) 66 (14-1413) 0.003
ALT {IUfL) 151 (61-576) 04 (13-1563) 0.035
AFP (np/dL} 8 (2~130) 4 (1-282) 0.026
HBV genotypes 0.228

C s (100%) 189 (87%)

Others 27 {13%)
HBeAg s (44%) 132 (58%) 0.323
HBY DNA (log coptes/ml.} 71 (4.4-27.6) 71 {<2.6->7.6) 0.623
YMDD mutants 0.041

YIDD 13 (72%) 109 (45%)

YWD 5 (28%) 62 {25%)

YYVDD 0 6 (23%)

tValues are the median with the range in parentheses or n with percent in parentheses.
AFP, alpha-fetoprotein; ALY, alaine aminotransferase; AST, aspartate aminotransterase; HileAg, hepatitis | ¢ antigen; HBY, hepatitis B

virus.

92% (85/92) at 3 years (/> = 0.555). Rates of normalized
AST levels in the patients with and withouwt HCC were:

50% (7/14) vs. 90% (173/193} at 1 year (P < 0.001);
79% (11/14) vs. 91% (140/154) al 2 year {P=0.166);
and 67% (6/9) vs. 95% (87/92) at 3 year (P =0.037).
Rates of ALT nommalizadon in the patients with and
without HCC were: 71% (10/14) vs. 30% (174/193) at
Tyear (P=0.037); 79% (11/14) vs. 90% {139/154) at
2year (P=0.189); and 56% (5/9) vs. 92% (85/92)
al 3 year {I’=0.015). Thus, normalization of AST and
ALT was less frequent in the patients with than without
HCC.

Characteristics of the 18 patients who developed HCC
are compared between the baseline and at the develop-
ment of HCC (Table 2). At the start of adefovir, 10
(56%) of them had developed citrhosis and 16 (89%)
had AST levels = 70 1U/L. HBVY DNA was not deteciable
in 10 (56%) of them at the development of HCC. Of the
eight patients with detectable HBV DNA levels (= 2.6 log
copies/mL), five {63%) developed HCC within 1 year
after the starr of adefovir. AST was elevated (> 38 1U/L}
in eight patients, including four {50%) without detect-
abhte HBV DNA levels.

Factors independently associated with the
development of hepatoceilular carcinoma

Eight factors assaciated with the development of HCC
by the univariate analysis, including age, cirthosis, plate-
let counts, bilirubin, AST, ALT and AFP levels, as well
as YMDD mutants (Table 1), were evaluated by the
multivariate analysis. AST 2 70 1UI/1, YIDD mutants, age
= 50 years and cirrhosis at the baseline were indepen-
dent risk factors for the development of HCC (Table 3).

There were no differences in the distribution of YIDD,

YVDD and the mixture thereof among the patients with
distinct AST, ALT or HBV DNA levels or between those
with and without cirrhosis at the start of adefovir,
HBV mutants with mutations resistant to adelovir
(MAT8IT/S, rtN236T) occurred in two of the 247 (0.8%)
patients; none of them developed HCC.

The median time between the elevation of HRV DNA
> 5.0 log copies/mlL and the administration of adefovir
was 124 (range: 0-815) days for the 13 patients who
developed HCC and 147 {0-3268) days for the 166
patients who did not (P=0.605). The median time
between the elevation of ALT > 43 [UI/L and the start of

© 2009 The Japan Society of Hepatology
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Table 3 Independent risk factors influencing the development
of hepatocellular carcinoma

Factors Calegory Hazard ratic P-value
(95% CIt)

AST (TU/1) 1.<70 1 0.016
2:270 6.21 (1.40-27.5)

YMDD 1: YVDD or 1 0.012

mutants YV/IDD

2. YIDD 3.97 (1.36-11.6)

Age (years) 1: <50 1 0.023
20250 3.24 (1.17-8.95)

Cirrhosis 1. Absent 1 0.030
2: Present 1.42 (1.04-196)

tConfidence interval.

adefovir was 59 {0-89G) days for the patients who
developed HCC and 54 (0-3240) days for those who
did not {P=0.330). Hence, cxacerbation of hepatitis
was not a risk factor for the development of HCC.
Age-specific risk factors [or the development of HCC
were evaluated by the multivariate analysis. In the
patients < 50 years, platelet counts < 13 x 10°/mm* was
the only significant risk factor for HCC (hazard ratio
6.88 [95% confidence interval; 1.26-37.6]), while AST
levels 2 70 TU/L was that in those = 50 years (hazard
ratio: 9.50 |95% confidence interval 1.20-74.9]).

Factors increasing the cumulative incidence
of hepatocellular carcinoma

AST levels 2 70 TU/L at the start of adefovir increased the
development of HCC during follow-ups ranging to
5 years (Fig. 1}. HCC developed more frequently in the
patients with YIDD mutants than in those with YVDD or
the mixture of YVDD and YIDD mutanis (Iig. 2). The
cumulative incidence of HCC in the patients with YIDD
mutants alone was: 4% at 1 year, 10% at 3 years and
43% at 5 years. In contrast, HCC never developed in the
patients with the mixture of YIDD and YVDD mutants
through 5 years of follow-up. HCC developed more fre-
quently in the patents with cirthosis and those aged
> 50 years (Figs 3,4, respectively).

DISCUSSION

CC DEVELOPED IN 18 of the 247 (7.3%) patients
who had received adefovir add-on lamivudine
during a long-terin ranging to 5 years. There were soime
differences in the characteristics at the start of adefovir
dipivoxil between the patients who did and whe did not
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Figure 1 Kaplan-Meier life-table for the cumulative incidence
of hepatocellular carcinoma (HCC) during adefovir add-on
lamivudine in the patients with different baseline aspartate
aminotransferase (AST) levels. *1 = 0.009.

develop HCC. The patients who developed HCC were
older, more frequently had signs of early cirrhosis with
less platelet counts, as well as higher levels of AST, ALT
and AFP, than those who did not develop FCC. By
multivariate analysis, AST =70 IU/L, YIDD mutants in
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Figure 3 Kaplan-Meier life-table for the cumulative incidence
of hepatocellular carcinoma (HCC) during adeforvir add-on
lamivudine in the patients with and without cirthosis at the
baseline. *P = 0.002.

comparison with YVDD or the mixture of YVDD and
YIDD mutants, age 2 50 years and cirthosis were inde-
pendent risk factors for the development of HCC. By the
Kaplan-Meier life-table analysis, the cumulative inci-
dence of HCC during 5 years in the patients receiving
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Figure 4 Kaplan-~Meier life-table for the cumulative incidence
of hepatocellular carcinoma (HCC) during adeforvir add-on
lamivudine in the patients aged > 50 years and < 50 veas at the
baseline. "P =0.014.
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adefovir add-on lamivudine was significantly higher in
those with AST = 70 TU/L, YIDD mutants, cirrhosis and
aged 2 50 years at the start of adefovir.

A marked difference in the development of HCC
between the present study (7.3% [18/247]) and two
studies reported from Europe and the US (0/70 and
0/65, respectively)'®” would be accounted for, at least
in part, by the age of patients who developed HCC in
this study that was older than in those in previous
reports (the median of 52 years vs. means of 36 and
47 years, respectively). This view would be supported by
the age of patients with long-term adefovir add-on lami-
vudine that was higher in those with than withow
the development of HCC (52 vs. 45 years {median|,
P=0.008). HBV infection in Asia is acquired by the
perinatal infection, while that in Western countries is
gained after the adolescence ~20 years after birth.
Hence, the duration of HBV infection would have been
> 20 years longer in Japanese than Western patients. In
addition, genotypes of HBV may give an additional
account on the difference in development of HCC
between them. All the 18 patients who developed HCC
in this study were infected with genowpe C; it is
associated with HCC more closely than the other
genotypes.2* By contrast, by far the most patients from
Western countries would have been infected with geno-
types A and D%

HCC developed morte frequently in patients with than
without cirrhosis at the start of adefovir (10/61 [16.4%]
vs. 8/186 [4.3%], P = 0.002). Hence, cirrhosis increased
the risk of HCC in patients receiving adefovir add-on
lamivudine. This view is supported by the development
of HCC in 11 of the 94 (11.7%) patients with cirrhosis
who received adefovir add-on lamivudine from haly.'
Although HCC did not develop in any of the 39 Ttalian
patients with chrenic hepatitis, it did in etght of the 186
(4.3%) Japanese patients in the present study. There
were, however, marked differences in the median base-
line ALT levels between Italian and Japanese patients
{58 vs. 1081U/L); the grade of liver inflammation
would have been higher in the Japanese patients. In
actuality, all the eight patients with chronic hepatitis
who developed HCC had high AST and AET levels at the
start of adefovir (Table 2).

In the natural history of persistent HBV infection,
HCC develops more frequently in the patients with per-
sistently high ALT levels than in those with normal
levels. Hence, necroinflammation in the liver would
contribute to carcinogenesis.’*” Although adefovir
add-on lamivudine may prevent virological break-
throughs, it would not be able to suppress the pre-
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neoplastic state induced by exacerbation of hepatitis. It
would be necessary therefore 1o identify the patients
with chronic hepatitis at an increased risk for HCC
during adefovir add-on lamivudine, such as those with
cirrhosis or aged > 50 years, and take special care of
them toward early detection of HCC and immediate
therapeutic intervention. They need to be monitored
frequently for any increase in HBY DNA and ami-
notransferase levels that herald breakthrough hepatitis
during lamivudine therapy.

In the present study, HCC developed more frequently
in the paiients with YIDD mutants than in those with
YVDD ot the mixture of YVDD and YIDD; there have
been no studies correlating YMDD mutants and the
development of HCC. No patients with the mixture of
YVDD and YIDD mutants developed HCC, despite the
predominance of YIDD murants in the patients with
HCC. 'This might have been due to the assay used for
YMDD mutants by the commercial kit; it ean miss
YVDD mutants in samples in which YIDD mutants
account for the great majority. By the assay method
specific for either mutant, YIDD was detected either
alone or accompanied by small amount of YVDD in the
patients who have received adefovir add-on lamivudine
weatment.” Sensitive and specific quantification of
YIDD and YVDD mutants are necessaty for further
evaluating a role for YIDD mutants in hepatocarcino-
genesis, as well as [og identifying faciors promoting the
generation of bour YIDD mutants and HCC.

Some points of clinical importance have emerged in
the present study. First, patients wha receive a long-term
adefovir add-on lamivudine and have developed YMDD
mutants need to be screened for HCC on the regular
basis. This is required especially for the patients who
have signs of cirrhosis and/or high AST levels, or aged
= 50 years. In these high-risk patients, adefovir has to be
started promptly when HBV DNA levels increase, cven
before transaminase levels elevate in them. Secondly, it
would be a matter of concern if adefovir is involved in
the development of HCC. Should it be the case, teno-
fovir or newer potent antivirals, eitheras a monotherapy
or add-on lamivudine, would deserve considerations.
Thirdly, it needs to be evaluated if YIDD mutants have
any significance in the development of HCC. Although
nucleo((s)ide analogues may suppress hepatic inflam-
mation and are expected to improve the prognosis of
patients with chronic hepatitis B, they need to be moni-
tored closely for HCC. The development of HCC has to
be identified, as early as possible, {or timely treatment
toward longevity with minimal morbidity and improve-
ment of the quality of life.
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Amino Acid Substitutions in the Hepatitis C Virus
Core Region of Genotype 1b Affect Very Early Viral

Dynamics During Treatment With Telaprevir,
Peginterferon, and Ribavirin

Norio Akuta,'* Fumitaka Suzuki,' Miharu Hirakawa,' Yusuke Kawamura,' Hiromi Yatsuji,!
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Substitution of amino acid (aa) 70 and 91 in the
coreregion of hepatitis C virus (HCV) genotype 1b
can predict the response to pegylated interferon
(PEG-IFN)/ribavirin combination therapy, but its
impact on triple therapy of telaprevir/PEG-IFN/
ribavirin is not clear. The aims of this study were
to investigate the rate of HCV RNA loss following
12-week triple therapy, and determine the effect
of aa substitutions on very early {within 48 hr}
viral dynamics. Sixty-seven patients infected
with HCV genotype 1b (HCV-1b) and high viral
load who received 12-week triple therapy were
studied. RNA loss could be achieved in 2%, 34%,
80%, 92%, 95%, 94%, and 90% of the patients
after1,2,4,6,8, 10, and 12 weeks of triple therapy,
respectively. After 24-hr treatment, the propor-
tion of patients with Arg70 and Leu91 substitu-
tions with >3.0log fall in HCV RNA was
significantly higher than those with <3.0log fall
(P=0.008), However, the aa substitution patterns
in the core region did not influence the fall in HCV
RNA after 48-hr treatment. Multivariate analysis
identified substitutions of aa 70 and 91(P=0.014)
and level of viremia at baseline (>7.0logIU/ml;
P=0.085) as independent parameters that deter-
mined the >>3.0/og fall in HCV RNA level after 24-
hr triple therapy. It is concluded that 12-week
triple therapy achieved high rates of loss of HCV
RNA in Japanese patients infected with HCV-1b
and high viral load, and that the aa substitution
pattern in the core region seems to influence very
early viral dynamics. J. Med. Virol. 82:575-
582, 2010. © 2010 Wiley-Liss, Inc.

KEY WORDS: HCV, core region; NS5A-ISDR;
telaprevir; peginterferon; riba-
virin; very early viral dynamics
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INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, cirrhosis,
and hepatocellular carcinoma (HCC) [Dusheiko, 1998;
Ikeda et al., 1998; Niederau et al., 1998; Kenny-Walsh,
1999]. At present, treatments based on interferon (IFN),
in combination with ribavirin, are the mainstay for
treatment of HCV infection. In Japan, HCV genotype 1b
(HCV-1b) with high viral loads (>100 KIU/ml) accounts
for more than 70% of HCV infections, making it difficult
to treat patients with chronic hepatitis C {lino et al.,
2005; Tsubota et al., 2005]). Such background calls for
efficient treatment of patients with chronic HCV
infection.

Even with pegylated interferon (PEG-IFN) combined
with ribavirin, a sustained virological response lasting
over 24 weeks after the withdrawal of treatment is
achieved in at most 50% of the patients infected with
HCV-1b with high viral loads [Manns et al., 2001; Fried
et al., 2002]. Recently, a new strategy was introduced
for the treatment of chronic HCV infection by inhibiting
protease in the NS3/NS4 of the HCV polyprotein.
Of these drugs, telaprevir (VX-350) was selected as a
candidate agent for treatment of chronic HCV infection
[Lin et al., 2006]. Later, it was found that telaprevir,
when combined with PEG-IFN and ribavirin, results in
a robust antiviral activity [Modi and Hoofnagle, 2007;
Zeuzem, 2008]. Specifically, HCV RNA disappears in
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almost all patients infected with HCV-1 during triple
therapy of telaprevir with PEG-IFN and ribavirin
[Lawitz et al., 2008, Suzuki et al., 200¢]. However,
patients resistant to treatment who do not achieve
sustained virological response by the triple therapy,
have been reported [Lawitz et al., 2008; Hézode et al.,
2009; McHutchison et al., 2009]. The underlying mech-
anism of the response to the treatment is still not clear.

It is useful to evaluate treatment efficacy based on
viral dynamics as an early predictor of PEG-IFN plus
ribavirin combination therapy. Previous reports showed
that decreases in HCV RNA levels were significantly
greater in patients with than without sustained viro-
logical response from 24 hr to 12 weeks after the start
of PEG-IFN plus ribavirin combination therapy in
patients infected with HCV-1hb and high viral load. Very
early dynamics within 48hr of such treatment is
particularly important for early prediction of response
to therapy [Tsubota et al., 2005; Makiyama et al., 2006;
Akuta et al., 2007b]l. Accordingly, the pretreatment
predictors of very early dynamics during triple therapy
of telaprevir with PEG-IFN and ribavirin were inves-
tigated in the present study.

Amino acid (aa) substitutions at position 70 and/for 31
in the HCV core region of patients infected with
genotype 1b and high viral load are pretreatment
predictors of poor viroclogical response to 48- and
72-week PEG-IFN plus ribavirin combination therapy
[Akuta et al., 2005, 2007a,b, 2009a; Donlin et al., 2007;
Okanoue et al.,, 2009], and also affect the clinical
outcome, including insulin resistance and hepatocarci-
nogenesis [Akuta et al., 2007¢, 2009b; Fishman et al.,
2009; Nakamoto et al., 2009]. However, it is not clear at
this stage whether aa substitutions in the core region
can be used before therapy to predict the very early
dynamics and response to triple therapy of telaprevir
with PEG-IFN and ribavirin.

The present study included 67 patients with HCV-1b
and high viral load, who received triple therapy of
telaprevir with PEG-IFN plus ribavirin and followed-up
for 12 weeks or more after the start of treatment.
The aims of the study were to determine the rate of loss
of HCV RNA during treatment, and to identify the
pretreatment factors that could predict very early viral
dynamics (within 48hr) after the start of treatment,
including aa substitutions in the HCV core, the NS3, and
the NS5A regions.

PATIENTS AND METHODS
Study Patients

Between May 2008 and May 2009, 67 patients infected
with HCV were recruited to the study at the Department
of Hepatology in Toranomon Hospital in Metropolitan
Tokyo. The study protocol complied with the Good
Clinical Practice Guidelines and the 1975 Declaration
of Helsinki, and was approved by the Institutional
Review Board. Each patient gave an informed consent
before participating in this trial. Patients were divided
intotwo groups: 20 (30%) patients were allocated to a 12-
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week regimen of triple therapy [telaprevir (MP-424),
PEG-IFN, and ribavirin], and 47 patients (70%) were
assigned to a 24-week regimen of the same triple
therapy for 12 weeks followed by dual therapy of PEG-
[FN and ribavirin for 12 weeks. All patients were
followed-up for at least 12 weeks after the start of triple
therapy.

All patients met the following inclusion and exclusion
eriteria: (1) diagnosis of chronic hepatitis C; (2) HCV-1b
confirmed by sequence analysis; (3) HCV RNA levels of
>5.0log IU/m] determined by the COBAS TagMan IICV
test (Roche Diagnostics, Tokyo, Japan); (4) Japanese
(Mongoloid) ethnicity; (5) age at study entry of 20—
65 years; (6) body weight >35 and <120 kg at the time
of registration; (7) lack of decompensated cirrhosis;
(8) absence of hepatitis B surface antigen (HBsAg) in
serumy; (9) ne history of HCC,; (10) no previous treatment
for malignancy; (11) no history of autoimmune hepatitis,
alcohol liver disease, hemochromatosis, and chronic
liver disease other than chronic hepatitis C; (12) no
history of depression, schizophrenia or suicide attempts,
hemoglobinopathies, angina pectoris, cardiac insuffi-
ciency, myocardial infarction or severe arrhythmia,
uncontrollable hypertension, chronic renal dysfunction
or creatinine clearance of <50ml/min at baseline,
diabetes requiring treatment or fasting glucose level of
>110mg/dl, antoimmune disease, cerebrovascular dis-
orders, thyroidal dysfunction uncontrollable by medical
treatment, chronic pulmonary disease, allergy to med-
ication, or anaphylaxis at baseline; and (13) hemc§lubin
level of >12g/dl, neutrophil count >1,500/mm®, and
platelet count of >100,000/mm® at baseline. Pregnant
or breast-feeding women or those willing to become
pregnant during the study and men with a pregnant
partner were excluded from the study.

Telaprevir (MP-424; Mitsubishi Tanabe Pharma,
Osaka, Japan) was administered at a dose of 750 or
500 mg three times a day at an 8-hr (¢8) interval after
the meal. PEG-IFNu-2b (PEG-Intron; Schering Plough,
Kenklworth, NJ) was injected subcutaneously with a
median dose 1.5pg/kg (range: 1.3-2.0pgkg) once
a week. Ribavirin (Rebetol; Schering Plough) was
administered at 200600 mg twice a day after breakfast
and dinner (daily dose: 600~1,000 mg). All participating
patients received these three drugs in the initial
12 weeks of the study.

PEG-IFN and ribavirin were discontinued or their
doses reduced, as required, upon reduction of hemoglo-
bin level, leukocyte count, neutrophil count or platelet
count, or the development of adverse events. Thus,
the dose of PEG-IFN was reduced by 509% when the
leukocyte count decreased below 1,500/mm®, neutrophil
count below 750/mm?, or platelet count helow 80,000/
mm?; PEG-IFN was discontinued when these counts
decreased below 1,000/mm?®, 500/mm?®, or 50,000/mm®,
respectively. When hemoglobin decreased to <10g/dl,
the daily dose of ribavirin was reduced from 600 to
400, 800-600, and 1,000-600mg, depending on the
initial dose. Ribavirin was withdrawn when hemoglobin
decreased to <8.5g/dl. However, the dose of telaprevir



